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(54) DISTANCE-MEASURING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To simply find various 
values, to be surveyed, which are aimed in an ordinary 
surveying operation in a camera-type distance- 
measuring device which detects a distance up to a 
subject for every pixel. 

SOLUTION: A subject is irradiated with a distance- 
measuring light. Its reflected light is received by a CCD. 
A distance up to the subject corresponding to every 
pixel is detected, on the basis of a quantity of received 
light. A photographed image is displayed on an LCD37, 
which is installed on the back of a camera. A touch panel 
is arranged and installed at the LCD37, and a pixel which 
corresponds to a measuring point is selected by a 
pointing pen 60. On the basis of a distance which 
corresponds to the selected pixel, a coordinate value 
which uses the camera in the measuring point as a 
reference is found. When a value, to be measured, which 
is aimed is, e.g., an oblique distance between two 
measuring points, the two measuring points are selected 

by the pen 60, and the oblique distance between the two points is calculated on the basis of the 
found coordinate value. A calculated value to be surveyed is displayed on the LCD37. 
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CLAIMS 



[Claim(s)] 



[Claim 1]Are the distance nr^Puring equipment which detects dists^p to a photographic 
subject corresponding to each Dixel of a photoed picture, and arbitrary pixels in said picture A 
selectable input means, Distance measuring equipment provided with a relative-position 
calculating means which computes a relative position over said distance measuring equipment of 
a photographic subject corresponding to said selected pixel. 

[Claim 2]The distance measuring equipment according to claim 1 being a touch panel which 
detects a position of a portion which said input means was established along with a picture 
display part for displaying said photoed picture, and was **(ed) by cusp, such as a nib. 
[Claim 3]The distance measuring equipment according to claim 1 having a direction instruction 
button in which said input means controls movement of cursor displayed on said picture display 
part. 

[Claim 4]The distance measuring equipment according to claim 1 being able to compute a slope 
distance for two arbitrary points of said picture. 

[Claim 5]The distance measuring equipment according to claim 1, wherein a relative position of 
said photographic subject corresponding to a selected pixel is computed as a coordinate value 
which made the starting point one point of said distance measuring equipment. 
[Claim 6]The distance measuring equipment according to claim 1 provided with an attitude 
detecting means which detects a posture of said distance measuring equipment. 
[Claim 7]The distance measuring equipment according to claim 6, wherein detection of a posture 
in said attitude detecting means is performed by an angle-of-gradient sensor which detects an 
angle of gradient from the level surface or a vertical line of said distance measuring equipment. 
[Claim 8]Arbitrary altitudes of one point in said picture, and arbitrary angles of vertical of one 
point in said picture, The distance measuring equipment according to claim 6 being able to 
compute at least one value in horizontal distance for two arbitrary points of said picture, altitude 
difference for two arbitrary points of said picture, a horizontal angle for two arbitrary points of 
said picture, and a horizontal area of a triangle which comprises three arbitrary points of said 
picture. 

[Claim 9]The distance measuring equipment according to claim 1 provided with an azimuth 
detecting means which detects a direction which said distance measuring equipment has turned 
to. 

[Claim 10]The distance measuring equipment according to claim 9 being able to compute a 
direction of arbitrary points in said picture. 

[Claim 1 1]The distance measuring equipment according to claim 1 being able to input height from 
a reference point of the perpendicular direction of said distance measuring equipment by said 
input means. 

[Claim 12]The distance measuring equipment according to claim 11 being able to compute height 
from said reference point of arbitrary points in said picture. 

[Claim 13]A coordinate value of said photographic subject corresponding to one arbitrary point 
of said picture which makes the starting point one point of said distance measuring equipment, 
Arbitrary altitudes of one point in said picture, and arbitrary angles of vertical of one point in said 
picture, Horizontal distance for two arbitrary points of said picture, and altitude difference for 
two arbitrary points of said picture, At least one value in a horizontal angle for two arbitrary 
points of said picture and a horizontal area of a triangle which comprises three arbitrary points 
of said picture is computable, The distance measuring equipment according to claim 4 being able 
to display at least one of a value of said computed slope distance, said altitude, said angle of 
vertical, said horizontal distance, said altitude difference, said horizontal angle, and said 
horizontal area, and said coordinate values on said picture display part. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the distance measuring equipment which detects 
the three-dimensional shape of a photographic subject, etc. using an optical propagation time 
measuring method. 
[0002] 

[Description of the Prior Art]Conventionally, in surveying instruments, such as a total station, in 
order to determine the slope distance during the two point of measurement made into the 
purpose, the horizontal area corresponding to a horizontal angle or the three point of 
measurement, etc., it is necessary to measure the distance and the angle by each point of 
measurement for each point. 

[0003]On the other hand, it is "MeasurementScience and Technology" (S. Christie others) as 
distance measuring equipment which detects the distance to a photographic subject for every 
pixel, vol.6, p1 301 -1308, and 1995 What was indicated for the year, the thing indicated by the 
International-Publication 97/No. 01111 gazette, etc. are known. In such distance measuring 
equipment, the laser beam by which pulse modulation was carried out is irradiated by the 
photographic subject, light is received by two-dimensional CCD and the catoptric light is 
changed into an electrical signal. By controlling the shutter operation of the electrical 
engineering shutter which was combined with two-dimensional CCD at this time and which is 
mechanical or consists of liquid crystal display etc., the electrical signal correlated with the 
distance to a photographic subject is detectable for every pixel of CCD. It is collectively 
detected by the distance to a photographic subject corresponding for every pixel of CCD from 
this electrical signal. Detection of the distance at this time is performed by one shutter 
operation. 
[0004] 

[Problem(s) to be Solved by the Invention]An object of this invention is the slope distance during 
a measure point, the horizontal area corresponding to a horizontal angle or three measure points, 
etc. to obtain the distance measuring equipment which detects the location survey value made 
into the purpose in the usual location survey simple. 
[0005] 

[Means for Solving the Problem]As for distance measuring equipment of this invention, this 
invention is characterized by that distance measuring equipment which detects distance to a 
photographic subject corresponding to each pixel of a photoed picture comprises the following. 
It is a selectable input means about arbitrary pixels in a picture. 

A relative-position calculating means which computes a relative position over distance 
measuring equipment of a photographic subject corresponding to a selected pixel. 

[0006]For example, an input means is a touch sensor which detects a position of a portion which 
was provided along with a picture display part for displaying a photoed picture, and was **(ed) by 
cusp, such as a nib. Or an input means has a direction instruction button which controls 
movement of cursor displayed on a picture display part. 

[0007]The distance measuring equipment can compute a slope distance for two arbitrary points 
of a picture preferably. 

[0008]A relative position of a photographic subject corresponding to a preferably selected pixel 



is computed as a coordinate^^Ue which made one point of distanc^^basuring equipment the 
starting point. 

[0009]Distance measuring equipment is preferably provided with an attitude detecting means 
which detects a posture of distance measuring equipment For example, detection of a posture in 
an attitude detecting means is performed by angle-of-gradient sensor which detects an angle of 
gradient from the level surface or a vertical line of distance measuring equipment. At this time, 
altitudes of one point in a picture with arbitrary distance measuring equipment, and arbitrary 
angles of vertical of one point in a picture, At least one value in horizontal distance for two 
arbitrary points of a picture, altitude difference for two arbitrary points of a picture, a horizontal 
angle for two arbitrary points of a picture, and a horizontal area of a triangle which comprises 
three arbitrary points of a picture is computable. 

[0010]Distance measuring equipment is provided with an azimuth detecting means which detects 
a suitable [ distance measuring equipment ] direction preferably. At this time, the distance 
measuring equipment can compute a direction of arbitrary points in a picture. 
[001 1]The distance measuring equipment can input height from a reference point of the 
perpendicular direction of distance measuring equipment by an input means preferably. At this 
time, the distance measuring equipment can compute height from a reference point of arbitrary 
points in a picture. 

[001 2]A coordinate value of a photographic subject corresponding to one arbitrary point of a 
picture which distance measuring equipment is preferred and makes one point of distance 
measuring equipment the starting point, Arbitrary altitudes of one point in a picture, arbitrary 
angles of vertical of one point in a picture, and horizontal distance for two arbitrary points of a 
picture, Altitude difference for two arbitrary points of a picture, and a horizontal angle for two 
arbitrary points of a picture, At least one value in a horizontal area of a triangle which comprises 
three arbitrary points of a picture can be computed, and at least one of a value of a computed 
slope distance, an altitude, an angle of vertical, horizontal distance, altitude difference, a 
horizontal angle, and a horizontal area and coordinate values can be displayed on a picture 
display part. 
[0013] 

[Embodiment of the Invention] Hereafter, an embodiment of the invention is described with 
reference to Drawings. Drawing 1 is a perspective view of the camera type distance measuring 
equipment which is a 1st embodiment of this invention. 

[0014]In the front face of the camera body 10, the finder window 12a (object side) is formed in 
the upper left of the taking lens 11, and the stroboscope 13 is formed in the upper right. In the 
upper surface of the camera body 10, the luminescent device 14 which irradiates with the laser 
beam which is distance measurement light is allocated right above the taking lens 11. The 
release switch 1 5 and the liquid crystal display panel 1 6 are formed in the left-hand side of the 
luminescent device 14, and the mode change dial 17, and the Measurement Division / 
reproduction mode changeover switch 18 are formed in right-hand side, the card slot 19 for 
inserting recording media, such as an IC memory card, is formed in the side of the camera body 
10 — the video output terminal 20 — it is provided interface connector 21. Image display LCD 
panel 37 (picture display part) is formed in the back (refer to drawing 10 ) of the camera body 10, 
and the transparent touch panel 23 (touch sensor) is allocated in piles in the surface of LCD 
panel 37 by the sheet shaped. The finder window 12b (eyepiece side) is formed above LCD panel 
37. 

[0015] Drawing 2 is a block diagram showing the circuitry of the camera shown in drawing 1 . It 
extracts into the taking lens 1 1 and 25 is provided. The opening of the diaphragm 25 is adjusted 
by the iris drive circuit 26. The focusing operation and zooming operation of the taking lens 1 1 
are controlled by the lens drive circuit 27. 

[0016]The image sensor (CCD) 28 is allocated on the optic axis of the taking lens 1 1. An object 
image is formed in CCD28 with the taking lens 11, and the electric charge corresponding to an 
object image occurs in it. Operation of the accumulation operation of the electric charge in 
CCD28, the reading operation of an electric charge, etc. is controlled by CCD drive circuit 30. It 
is amplified in the amplifier 31, the charge signal, i.e., the picture signal, which were read from 



CCD28, and it is changed inl^^digital signal from an analog signal irflD converter 32. A 
gamma correction etc. are pi^essed in the imaging signal processin^ircuit 33, and a digital 
picture signal is temporarily stored in the image memory 34. The iris drive circuit 26, the lens 
drive circuit 27, CCD drive circuit 30, and the imaging signal processing circuit 33 are controlled 
by the system control circuit 35. 

[001 7]A picture signal is read from the image memory 34, and is supplied to LCD driving circuit 
36. LCD driving circuit 36 operates according to a picture signal, and, thereby, the picture 
corresponding to a picture signal is displayed on image display LCD panel 37. At this time, a 
picture signal is overlapped on the signal from the character generator circuit 22 which 
generates the signal about text etc. in LCD driving circuit 36 if needed. That is, a picture, text, 
etc. which were read from the image memory 34 can be displayed on image display LCD panel 37 
in piles. The character generator circuit 22 is controlled according to the signal instructions from 
the system control circuit 35. 

[0018]In the system control circuit 35, the touch panel 23 is connected, if a pointing pen 
describes the specific position of the screen of LCD panel 37, the position on the touch panel 23 
of the touched point is detected, and the pixel of corresponding LCD panel 37 can be detected. 
[001 9]If a camera is connected by the monitoring device 39 and cable in which it was provided to 
the exterior of the camera body 10, the picture signal read from the image memory 34 can be 
transmitted to the monitoring device 39 via the television signal encoder 38 and the video output 
terminal 20. The system control circuit 35 is connected to the interface circuit 40, and the 
interface circuit 40 is connected to the interface connector 21. Therefore, if it connects via the 
computer 41 and the interface cable 41 in which the camera was formed to the exterior of the 
camera body 10, the picture signal read from the image memory 34 can be transmitted to a 
computer. The system control circuit 35 is connected to the image recorder 43 via the 
recording-medium control circuit 42. Therefore, the picture signal read from the image memory 
34 is recordable on the recording media M, such as an IC memory card with which the image 
recorder 43 was equipped. 

[0020]The luminescent device 14 is constituted by the light emitting device 14a and the 
illumination lens 14b, and the emission operating of the light emitting device 14a is controlled by 
the light emitting device control circuit 44. The light emitting device 14a is a laser diode (LD), 
and the laser beam irradiated is used as distance measurement light for detecting the distance 
of a photographic subject. This laser beam is irradiated by the whole photographic subject via 
the illumination lens 14b. The laser beam reflected with the photographic subject enters into the 
taking lens 1 1, and the distance information to a photographic subject is detected by being 
detected by CCD28. 

[0021 ]In the camera body 10, it has the azimuth sensor 46 and the angle-of-gradient sensor 48, 
and the angle of inclination of the direction and camera to which the lens of the camera is turned 
is detected by the direction detector circuit 47 and the angle-of^gradient detector circuit 49 
based on the signal from the azimuth sensor 46 and the angle-of-gradient sensor 48. The 
direction detector circuit 47 and the angle-of-gradient detector circuit 49 are connected to the 
system control circuit 35, respectively, and the direction and angle of gradient which were 
detected are outputted to the system control circuit 35. 

[0022]The switch group 45 which comprises the release switch 15, the mode change dial 17, and 
the Measurement Division / reproduction mode changeover switch 18, and the liquid crystal 
display panel (display device) 16 are connected to the system control circuit 35. 
[0023]Next, with reference to drawing 3 and drawing 4 , the principle of the range measurement in 
this embodiment is explained. In drawing 4 , a horizontal axis is the time t 
[0024]It reflects in the photographic subject S and the distance measurement light outputted 
from the distance measuring equipment B is received by CCD which is not illustrated. Distance 
measurement light is a pulse form light which has predetermined pulse width H, therefore is a 
pulse form light in which the catoptric light from the photographic subject S also has the same 
pulse width H. Only time delta-t (delta is a retardation coefficient) is behind [ the standup of the 
pulse of distance measurement light ] in the standup of the pulse of catoptric light. Since it 
means that distance measurement light and catoptric light had followed twice between the 



" distance measuring equipme^j^ and the photographic subject S as^^iy distance r as this, the 
distance r is r=delta-t-C/2... (1) 

It is alike and is obtained more. However, C is the velocity of light. 

[0025]For example, when it is made to switch to a state undetectable before it provides in the 
state which can detect catoptric light from the standup of the pulse of distance measurement 
light and the pulse of catoptric light falls (i.e., if the catoptric light detecting period T is formed), 
the light income A in this catoptric light detecting period T is a function of the distance r. That 
is, the light income A becomes so small (that time delta-t becomes large) so that the distance r 
becomes large. 

[0026]Using the principle mentioned above in this embodiment by being provided in CCD28 and 
detecting the light income A in two or more photo-diodes arranged in two dimensions, 
respectively, The distance from the camera body 1 0 to each point of the surface of the 
photographic subject S was detected, respectively, and the data of the three-dimensional picture 
about the shape of surface type of the photographic subject S is inputted collectively. 
[0027] Drawing 5 is a figure showing arrangement of the photo-diode 51 and the vertical transfer 
part 52 which are provided in CCD28. Drawing 6 is a sectional view cutting and showing CCD28 
at a flat surface vertical to the substrate 53. Conventionally, this CCD28 is publicly known 
interline type CCD, and uses a VOD (vertical mold overflow drain) method for an unnecessary 
electric charge to sweep out. 

[0028]The photo-diode 51 and the vertical transfer part 52 are formed along the field of the n 
type substrate 53. The photo-diode 51 is arranged in the shape of a lattice in two dimensions, 
and the vertical transfer part 52 adjoins the photo-diode 51 located in a line in the 
predetermined direction (it is a sliding direction in drawing 5 ) at one row, and is provided. The 
vertical transfer part 52 has the four vertical transfer electrodes 52a, 52b, 52c, and 52d to the 
one photo-diode 51. Therefore, in the vertical transfer part 52, four potential wells can be 
formed, and conventionally, a signal charge can be outputted from CCD28 by controlling the 
depth of these wells so that it may be publicly known. The number of vertical transfer electrodes 
can be freely changed according to the purpose. 

\ [0029]The photo-diode 51 is formed into the p type well formed in the surface of the substrate 
53, and a p type well is formed into perfect depletion by the reverse bias voltage impressed 
between a p type well and the n type substrate 53. In this state, the electric charge according to 
the light volume of incident light (catoptric light from a photographic subject) is accumulated in 
the photo-diode 51. If substrate voltage Vsub is made large beyond a predetermined value, the 
electric charge accumulated in the photo-diode 51 will be swept out at the substrate 53 side. On 
the other hand, when a charge transfer signal (voltage signal) is impressed to thetransfer gate 
part 54, the electric charge accumulated in the photo-diode 51 is transmitted to the vertical 
transfer part 52. That is, after sweeping out an electric charge to the substrate 53 side with an 
electric charge **** signal, the signal charge accumulated in the photo-diode 51 is transmitted 
to the vertical transfer part 52 side by a charge transfer signal. By repeating such operation, a 
signal charge finds the integral in the vertical transfer part 52, and what is called electronic 
shutter operation is realized. 

[0030] Drawing 7 is a timing chart in distance information detecting operation, and explains the 
distance information detecting operation in this embodiment with reference to drawing 1 , drawing 
2, drawing 5 - drawing 7 . In the distance information detecting operation of this embodiment, it 
differs from explanation of the principle of the range measurement performed with reference to 
drawing 4 , The timing chart is constituted so that it may switch to a state undetectable after it 
provides in the state which can detect catoptric light from falling of the pulse of distance 
measurement light and the pulse of catoptric light falls, in order to reduce the noise under the 
influence of outdoor daylight, but it does not differ at all theoretically. 

[0031]Synchronizing with the output of a Vertical Synchronizing signal (not shown), the electric 
charge **** signal (pulse signal) S1 is outputted, the unnecessary electric charge which this was 
accumulating in the photo-diode 51 is swept out in the direction of the substrate 53, and the 
amount of stored charge in the photo-diode 51 becomes zero (numerals S2). The pulse form 
distance measurement light S3 which has fixed pulse width is outputted after the start of the 



' output of the electric charge^^* signal SI. The period (pulse widtl^wen the distance 
measurement light S3 is outputted can be adjusted, and in the example of a graphic display, it is 
adjusted so that the distance measurement light S3 may turn off simultaneously with the output 
of the electric charge **** signal S1 . 

[0032]It reflects in a photographic subject and the distance measurement light S3 enters into 
CCD28. That is, although catoptric light S4 from a photographic subject is received by CCD28, 
while the electric charge **** signal S1 is outputted, an electric charge is not accumulated in 
the photo-diode 51 (numerals S2). If the output of the electric charge **** signal S1 is 
suspended, in the photo-diode 51, a charge storage will be started by light-receiving of catoptric 
light S4, and it will be generated by the signal charge S5 resulting from catoptric light S4 and 
outdoor daylight. If catoptric light S4 disappears (numerals S6), in the photo-diode 51, the charge 
storage based on catoptric light will be ended, but (numerals S7) the charge storage only 
resulting from outdoor daylight continues (numerals S8). 

[0033]Then, an output of charge transfer signal S9 will transmit the electric charge accumulated 
in the photo-diode 51 to the vertical transfer part 52. This charge transfer is completed by the 
end (numerals S10) of the output of a charge transfer signal. That is, since outdoor daylight 
exists, a charge storage continues in the photo-diode 51, but the signal charge S11 accumulated 
in the photo-diode 51 is transmitted to the vertical transfer part 52 until the output of a charge 
transfer signal is completed. The electric charge S14 accumulated after the end of an output of 
a charge transfer signal remains to the photo-diode 51 as it is. 

[0034]Thus, the signal charge corresponding to the distance to a photographic subject is 
accumulated in the photo-diode 51 between period T ul until the output of charge transfer signal 

S9 is completed from the end of the output of the electric charge **** signal SI. And the 
electric charge accumulated in the photo-diode 51 till the end of light-receiving of catoptric light 
S4 (numerals S6) is transmitted to the vertical transfer part 52 as the distance information of a 
photographic 'subject, and the corresponding signal charge S12 (slash part), and the other signal 
charges S13 originate only in outdoor daylight. 

[0035]After fixed time passes since the output of charge transfer signal S9, the electric charge 
**** signal S1 is outputted again, and the unnecessary electric charge accumulated in the 
photo-diode 51 after transmission of the signal charge to the vertical transfer part 52 is swept 
out in the direction of the substrate 53. That is, in the photo-diode 51, accumulation of a signal 
charge newly begins. And the same with having mentioned above, when electric charge storage 
period T yi passes, a signal charge is transmitted to the vertical transfer part 52. 
[0036]Repeat execution of the transfer operation to such a vertical transfer part 52 of the signal 
charge S11 is carried out until the following Vertical Synchronizing signal is outputted. Thereby, 
in the vertical transfer part 52, if the signal charge S1 1 with which the signal charge S1 1 
integrated with and it integrated during the 1 field (period inserted by two Vertical Synchronizing 
signals) can be regarded as the period photographic subject standing it still, it supports the 
distance information to a photographic subject. Since it is minute compared with the signal 
charge S12, it can be considered that the signal charge S13 is [ the signal charge S1 1 ] equal to 
the signal charge S12. 

[0037]The detecting operation of the signal charge S11 explained above is related with the one 
photo-diode 51, and detecting operation like all the photo-diode 51 smell levers is performed. In 
each part of the vertical transfer part 52 which adjoined each photo-diode 51, the distance 
information detected by the photo-diode 51 is held as a result of the detecting operation in the 
period of the 1 field. This distance information is outputted from CCD28 by the horizontal 
transfer operation in the horizontal transfer part in the vertical transfer part 52 which does not 
vertical-transfer-operate and is not illustrated. 

[0038]Next, distance information detecting operation is explained with reference to drawing 8 
which is a flow chart of distance information detecting operation. Distance information detecting 
operation is performed by setting the Measurement Division / reproduction mode changeover 
switch 18 which changes measuring mode and reproduction mode as measuring mode. 
[0039]If it is checked that the release switch 15 is pressed fully in Step 101, while Step 102 will 



be performed and a Vertical ^^chronizing signal will be outputted, ^^nce-measurementHight 

control is started. That is, the luminescent device 14 drives and the pulse form distance 
measurement light S3 is outputted intermittently. Subsequently, Step 103 is performed and the 
detection control by CCD28 is started. That is, the distance information detecting operation 
explained with reference to drawing 7 is started, the electric charge **** signal S1 and charge 
transfer signal S9 are outputted by turns, and the signal charge S1 1 of distance information finds 
the integral in the vertical transfer part 52. 

[0040]It is judged [ whether 1 field period expired from the start of distance information 
detecting operation, and ] in Step 104 whether the Vertical Synchronizing signal was newly 
outputted. After 1 field period expires, it progresses to Step 105, and the signal charge of the 
distance information with which it integrated in the vertical transfer part 52 is outputted from 
CCD28. This signal charge is temporarily memorized by the image memory 34 in Step 106. 
[0041]At Step 107, distance-measurementHight control is switched to an OFF state, and the 
emission operating of the luminescent device 14 stops. In Step 108, data processing of distance 
data is performed and distance data is temporarily memorized by the image memory 34 in Step 
109. 

[0042]In Step 110, the usual photographing operation (CCD video control) by CCD28 is provided 
in an ON state, the picture of the same photographic subject as the photographic subject 
picturized in distance information detecting operation is picturized, and it is detected as image 
data. The detected image data is temporarily memorized by the image memory 34 in Step 111. 
[0043]In Step 112, the direction which the imaging lens has turned to with the azimuth sensor 46 
is detected, and the angle of gradient of a camera is detected by the angle-of-gradient sensor 
48 in Step 1 13. In Step 114, the azimuth data and angle-of-gradient data which were detected at 
distance data, the image data, and Steps 1 1 1 and 112 which were memorized temporarily are 
recorded on the memory 34 by record double medium M, and this routine is ended. 
[0044]Next, the contents of data processing performed in Step 108 are explained with reference 
to drawing 7 . 

[0045]The photographic subject of the reflectance R is illuminated and the case where it was 
considered that this photographic subject was a secondary light source of the luminosity I, and 
image formation is carried out to CCD is assumed, output Sn produced between the charge 
storage time t by the electric charge generated in the photo-diode finding the integral at this 
time — Sn=k-R-I-t ... (2) 

It is come out and expressed, k is a proportionality constant and changes with the f numbers, 
magnifications, etc. of a taking lens here. 

[0046]As shown in drawing 7 , supposing it makes pulse width of the signal charge S12 of T $ and 
distance information into T D and the charge storage time of 1 field term throughout is repeated 
N times in the pulse width of T (J1 and the distance measurement light S3, charge storage time, 
Output SM 1Q obtained is SM 10 =sigmak-R-I-T D =k-N-R-I-T D ... (3) 
It becomes. Pulse width T p is T p = delta-t. =2 r/C ... (4) 

It can express. At this time, the distance r to a photographic subject is r=C-SM 1Q /(2 and k~N- 
R-0... (5) 

It can come out and express. Therefore, the distance r will be found if it asks for the 
proportionality constant k, the reflectance R, and the luminosity I beforehand. 
[0047] Drawing 9 is a flow chart of the program executed in the reproduction mode which 
displays the picture photoed in Step 1 10 on LCD panel 37, and computes the slope distance 
during the point of measurement, a horizontal angle, a horizontal area, etc. Since it is various and 
the location survey value computed is also various, the purpose of a location survey is explained 
taking the case of the slope distance, horizontal angle, and horizontal area which are three 
location survey values here. A slope distance is the distance during 2 point of measurement, and 
here a horizontal angle, When two half lines lengthened from the focus of the photographing 
optical system of a camera to the two point of measurement are projected to the level surface, 
it is an angle which two half lines make, and a horizontal area is area when the triangle 



' constituted considering the point of measurement as a vertex ^projected to the level 
surface. Reproduction mode is started by setting Measurement Division / reproduction mode 
changeover switch 1 8 as reproduction mode. 

[0048]In Step 201, if it is checked that Measurement Division / reproduction mode changeover 
switch 18 is set as reproduction mode, processing will progress to Step 202 and a menu screen 
will be displayed. A slope distance, a horizontal angle, and the selections of a horizontal area are 
displayed on a menu screen like drawing 10 , and in Step 203, it will be in a waiting state until 
which menu is selected. Drawing 10 is a rear elevation of a camera and shows arrangement at 
the back of LCD panel 37. 

[0049]If an operator selects which menu using the pointing pen 60, image data will be read from 
the data recorded on the recording medium M in Step 1 14 of drawing 8 . In Step 204, the repeat 
display of the read image data is carried out to LCD panel 37. It is judged in Step 205 whether 
the selected item is a slope distance. If judged with the selected item being a slope distance, in 
Step 209, processing for computing a slope distance will be performed and this processing will be 
ended. 

[0050]If judged with the item selected at Step 205 not being a slope distance, it will be judged 
whether the item selected in Step 206 is a horizontal angle. If judged with it being a horizontal 
angle, in Step 208, processing for computing a horizontal angle will be performed and this 
processing will be ended. If judged with the item selected on the other hand in Step 206 not 
being a horizontal angle, processing which computes a horizontal area in Step 207 will be 
performed, and this processing will be ended. 

[0051]Next, the slope-distance calculation processing performed in Step 209 with reference to 
drawing 1 1 is explained. 

[0052]In Step 301, it will be in a waiting state until the 1st point of measurement is inputted. If 
an operator specifies arbitrary one on the screen of LCD37 using the pointing pen 60, the pixel 
will be chosen as the 1st point of measurement, and processing will move to Step 302. In Step 
302, the input of the 2nd point of measurement is performed like the input of the 1st point of 
measurement, and the pixel corresponding to the point specified by the pointing pen is chosen as 
the 2nd point of measurement In Step 303, the coordinate value of the coordinate system 
(camera coordinate system) on the basis of the camera to the 1st and 2nd selected point of 
measurement is computed based on the distance data to the photographic subject detected for 
every pixel. In Step 304, the slope distance during the point of measurement is found from the 
coordinate value of each point of measurement after that. A mark punctiform [ centering on a 
selected picture element ] when the 1 st and 2nd point of measurement is chosen, so that it may 
be drawing 12 , If the line segment which connects two selected pixels is displayed on LCD panel 
37 like drawing 1 2 and a slope distance is computed, the value (for example, 25.0 m) will be 
displayed on the pixel side corresponding to the 2nd point of measurement. The signal about the 
computed value etc. of the slope distance displayed on these LCD panels 37 is generated in the 
character generator circuit 22 based on the signal instructions from the system control circuit 
35, is superimposed by the picture signal about a photographic subject, and is displayed on LCD 
panel 37 (refer to drawing 2 ). 

[0053]Next, the calculating method of the coordinate value made into the camera standard in 
Step 303 is explained with reference to drawing 13 - drawing 16 . 

[0054] Drawing 13 is a figure showing typically the relation between the camera coordinate 
system xyz which took focal P f in the photographing optical system of a camera to the origin of 

coordinates, and the point Q on the photographic subject surface corresponding to the arbitrary 
point P (pixel) and it on CCD28. The y-axis is in agreement with the optic axis Lp, the z-axis is 
taken in parallel with the vertical axis of CCD28, and the direction is upward. The x axis is taken 
in parallel with the horizontal axis of CCD28. Point P c are an acceptance surface of CCD28, and 

an intersection of the optic axis Lp, and are in agreement with the center of an acceptance 
surface. The point Q is a point on the photographic subject corresponding to the pixel of the 
point P on CCD28, and the coordinates are (x Q , y Q , z Q ). The flat surface pi is a flat surface 

parallel to CCD28 including the point Q. Point Q r is an intersection of the optic axis Lp (y-axis) 



and the flat surface pi, and t^^oordinates are (0, y Q , 0). 

[0055] Drawing 14 is the figure which looked at the acceptance surface of CCD28 from the 
transverse plane. The level of CCD28 and the vertical length are 2xH Q and 2xV Q , respectively. 

The point P is in H p from center P Q of CCD28 to the left, and it is in the distance of V p 

upwards. Point P H is the foot of perpendicular taken down from the point P to horizontal-axis l_ H 

of CCD28. Point P v is the foot of perpendicular taken down from the point P to vertical-axis l_ v 

of CCD28. 

[0056] Drawing 15 expresses the relation between focal P f and CCD28 on the flat surface 
containing focal P f and horizontal-axis L H of CCD28, angle theta Q is horizontal angles of view, 
and f is a focal distance. When line segment P f P H makes theta p the optic axis Lp and the angle 

to make, angle theta p is theta p =tan~ 1 (H p /f)... (6) 
It asks "Be alike." 

[0057] Drawing 16 expresses the relation between focal P f and CCD28 on the flat surface 
containing focal P f and vertical-axis L v of CCD28, and angle theta Q is a vertical field angle. When 
line segment P^P V makes theta p the optic axis Lp and the angle to make, angle theta p is 

theta p =tan" 1 (V p /f)... (7) 
It asks "Be alike." 

[0058]The length of line segment P f P which connects the point P to focal P f is P^P= 

(PfP^+PcPy 2 ) 1/2 from the length of line segment Pf H and line segment P Q P V ... (8) 

It asks "Be alike." Here, since it is PqFN/^P anc ' PfP^/costhetap, PfP H of (8) types and PqP v 

are P^f/costhetap) ( 2 +V p 2 ) 1/2 ... (9) 

It can express. 

[0059]the ratio of the length of line segment P f Q to the length of line segment P^ — if PjP/P f Q 
is set to mu — coordinate component x Q of the point Q, y Q , and z Q — x Q =H p /mu ... (10) 
y Q =V p /mu ... (11) 
z Q =f/mu ...(12) 

It is come out and computed. Distance H p to the point P corresponding to the arbitrary pixels of 

the focal distances f and CCD28 and V p are known. The length of line segment P f Q is the 

distance from focal P f to the point Q of the photographic subject corresponding to the point P, 

and since the focal distance f is known, it is computable using the result of data processing of 
Step 108. On behalf of one pixel of CCD28, above-mentioned calculation is possible for the point 
P to all the pixels of CCD28. Therefore, the coordinates (x Q , y Q , z Q ) on the basis of the camera 

of the photographic subject (point Q) corresponding to arbitrary pixels (point P) are computable. 
The slope distance computed in Step 304 can be promptly found from the coordinate value of 
called-for each point. 

[0060]If the mode in which the starting point of a coordinate system can be specified as the 1st 
point of measurement is formed, the distance from a camera to the arbitrary points (pixel) in a 
picture is also computable. Drawing 17 is what showed the example of a screen display at this 
time, and the distance (5.0 m) by the point of measurement corresponding to the pixel selected 
with the pointing pen 60 is displayed. 

[0061]Next, with reference to drawing 18 , the horizontal-angle calculation processing performed 
in Step 208 of drawing 9 is explained. 

[0062]The processing of Step 401 - Step 403 which corresponds to Step 301 - Step 303 of 
slope-distance calculation processing, respectively, and is performed in each step is the same as 
the processing performed in Step 301 - Step 303. In Step 404, the coordinate value of each 



pointof measurement called By the camera coordinate system is^kisformed to standard 
coordinates. Standard coordiimes are coordinate systems which are^r agreement with a Y-axis 
in the X-axis and for north and as for which for east coincided perpendicular facing up with the 
Z-axis, for example here, and the position of the starting point is in agreement with the starting 
point of a camera coordinate system. In Step 405, the horizontal angle selected based on the 
changed coordinate value for two points is computed, and this subroutine is ended. At this time, 
the two point of measurement selected, for example and the horizontal angle searched for are 
displayed on LCD panel 37. 

[0063]Next, the coordinate transformation processing performed in Step 404 with reference to 
drawing 1 9 is explained. 

[0064]The coordinate system xyz shown in drawing 19 is a camera coordinate system shown by 
drawing 1 3 , and the coordinate systems XYZ are standard coordinates. If direction cosine in the 
standard coordinates of a x axis, the y-axis, and the z-axis is made into (e 21 , e 22 , e 23 ), anc * ^ e 3T 
e 32 , e 33 ), respectively (e^, e 12 , e 13 ) t The coordinate conversion from the standard coordinates 
XYZ to the camera coordinate system xyz is expressed by transformation-matrix T R which uses 

such direction cosines as an ingredient. 
[Equation 1] 



I = Tr Y 

/ \zJ 




(13) 

Since transformation-matrix T R is an orthogonal transformation procession of |T R |=1, the 
inverse-matrix T R _1 is expressed by the transposed matrix of T R . That is, coordinate conversion 

of standard .coordinates is performed by (14) types from a camera coordinate system. 
[Equation 2] 
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Such direction cosines are called for from the direction and angle of gradient which are detected 
at Step 114 and Step 115. 

[0065]The horizontal angle alpha from for [ the optic axis Lp ] north is searched for from the 
azimuth data detected by the azimuth sensor 46. By the angle-of-gradient sensor 48, the 
altitude beta of the optic axis Lp (y-axis) and the altitude gamma of a x axis are detectable, this 
time — third component e 13 of the direction cosine (e 21 , e 22 , e 23 ) of the y-axis (optic axis Lp), 

and x shaft-orientation cosine — e 21 =sin beta-sin alpha ... (15) 

e 22 =sinbeta-cosalpha ... (16) 

e 23 =sinbeta ... (17) 

e 13 =singamma ... (18) 

It is expressed be alike. 

[0066]Including the starting point, since it is a flat surface vertical to the y-axis, a xy plane is 
e 21 x+e 22 y+e 23 z=0... (19) 

It is expressed be alike. Since (19) types must be filled, x shaft-orientation cosine (e^, e 12 , e 13 ) 



is e21 e 11 +e 22 e 12 +e 23 e 13~°- 



It comes out In direction cosine (e^, e 12 , e 13 ), it is e n +e i2 e l3 1- ^1) 
There is 

[0067](14) The 1st of xi shaft-orientation cosine, e^ which is the 2nd ingredient and e 12 are 
called for from a formula - (17) type, (19) types, and (20) types. Namely, e^ and e 12 , [Equation 
3] 

611 eii + 4, (2 2) 



622 (2 3) 

Be alike is computed. Selection of the numerals of the positive/negative of (22) types is chosen 
so that standard coordinates may turn into a right-hand system. 

[0068]The direction cosine (e 31 , e 32 , e 33 ) of z, It asks by the outer product of the unit vector 
(e ir e 12 , e 13 ) of a x axis expressed with the direction cosine called for in the top, and the unit 
vector (e 21 , e 22 , e 23 ) of the y-axis, and is e 3j =e i2 e 23~ e 13 e 22" ^4) 
e 32 =e 13 e 2r e 11 e 23 - ^ 

e 33 =e 11 e 22~ e 12 e 21 - ^ 
It is expressed. 

[0069]AII of x, y, and z shaft-orientation cosine are called for, and inverse transformation 

procession Tp"" 1 of transformation-matrix T R of (13) types and (14) types is obtained by the 

above. That is, coordinates (x Q , y Q , z Q ) of a photographic subject corresponding to arbitrary 

pixels (point P) expressed with a camera coordinate system are convertible for standard 
coordinates by transformation-matrix T R . 

[0070]Next, a calculating method of a horizontal angle computed in Step 405 is explained. Since 
an XY plane is the level surface when (X 2 , Y 2 , Z 2 ), a coordinate value in standard coordinates of 

the 1st and 2nd point of measurement selected at Step 401 and Step 402, respectively (Xj, Yy 

Zp, A coordinate value of a point which carried out orthogonal projection of the 1st and 2nd 

point of measurement to the level surface is set to (X 2 , Y 2 , 0), respectively (X r Y r 0), and is the 

horizontal angle psi during the 1 st and 2nd point of measurement, [Equation 4] 



0 = COS 
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JW^UW^i) (2 7) 



It asks "Be alike." If the mode which can choose (0, 1, 0) as this time, for example, the 1st point 
of measurement is formed, a direction of the 2nd point of measurement can be searched for. 
[0071]Next, horizontal area calculation processing performed in Step 207 of drawing 9 is 
explained with reference to drawing 20 . 

[0072]The three point of measurement is chosen in Step 501 - Step 503. The selection method 
is the same as that of a method (Step 301, 302 grades) of choosing the two point of 
measurement at the time of computing a slope distance and a horizontal angle. In Step 504, a 
coordinate value in a camera coordinate system of the three selected point of measurement is 
computed. In Step 505, it is given at the three point of measurement when coordinate conversion 
of Step 404 of horizontal-angle calculation processing and same coordinate conversion were 
chosen. In Step 506, a horizontal area of a triangle which becomes in the three selected point of 
measurement is computed. At this time, a value of a horizontal area computed with a line 
segment which connects them to a mark showing three selected points is displayed on a screen 
like the time of slope-distance calculation processing. 



" [0073]If a coordinate value ir^^ndard coordinates of the three poin^B measurement is made 
into (X 2 , Y 2 , Z 2 ), and (X 3? Y 3 ,^5, respectively (X v Y v Z t ), Coordinated a point which carried 

out orthogonal projection of each point to the level surface are set to (X v Y v 0), (X 2 , Y 2 , 0), and 

(X 3 , Y 3 , 0). If expressed with v r v 2 , and v 3 by making coordinates (X v Y v 0), (X 2 , Y 2 , 0), and (X 3 , 

Y 3 , 0) into a position vector, Horizontal area S H is S H =|v 1 xv 2 +v 2 xv 3 +v 3 xv 1 |... (28) asks. However, 

x expresses an outer product of a vector here and || expresses the length of a vector. 
[0074]Since a position of a photographic subject corresponding to arbitrary pixels of a photoed 
picture can be found on the basis of a camera as mentioned above according to this 
embodiment, various kinds of location survey values which are not influenced by a posture or a 
position of a camera, such as a slope distance for two arbitrary points of a picture, can be 
calculated simple. By having a sensor which detects a posture and a direction of a camera, a 
location survey value influenced by posture of cameras, such as a horizontal angle, an angle of 
direction, and a horizontal area, can also be obtained. 

[0075]Next, a 2nd embodiment of this invention is described with reference to drawing 21 . It is 
only an input means at the time of choosing a pixel corresponding to the point of measurement 
that a 2nd embodiment differs from a 1st embodiment, and it is the same as that of a 1st 
embodiment about other portions. 

[0076j Drawing 21 is a rear elevation of camera type distance measuring equipment of a 2nd 
embodiment. At a 1st embodiment, although a touch panel was used as an input device, it is 
performed by the arrow type cursor 63 displayed on a screen, the direction instruction button 61 
for operating this motion, and the determination button 62 by a 2nd embodiment. By pushing an 
arrow part which turned to the direction of four directions of the direction instruction button 61, 
the cursor 63 moves in the direction which corresponds a screen top. After doubling a tip part of 
the cursor 63 with a target pixel and an item, if the determination button 62 is pushed, the pixel 
and item will be chosen. 

[0077]By the above, the same effect as a 1st embodiment can be acquired also in a 2nd 
embodiment. 

[0078]According to this embodiment, although a touch panel and a direction instruction button 
were used as an input device, it may change to a direction instruction button and a trackball may 
be used. 

[0079]In a slope distance during the two point of measurement, and slope-distance calculation 
processing in which a slope ^distance (distance from a camera) by the 2nd point of measurement 
is found for the 1 st point of measurement as the starting point of a camera coordinate system, 
In the case of the former, a single click at a point may perform respectively tab control 
specification of two points on a screen by an input device, and it may carry out by double- 
clicking one on a screen corresponding to the 2nd point of measurement in the case of the 
latter. When searching for an angle of direction, for example and searching for a horizontal angle 
which specifies one arbitrary point by double click, and specifies two points similarly, it may be 
made to specify two points by single-clicking in each point also in a horizontal angle. 
[0080]Although height of a camera is not taken into consideration, it may enable it to compute 
altitude of the point of measurement, etc. in this embodiment by fixing a camera to a tripod etc., 
for example and inputting into a camera level elevation and altitude of a camera which were 
measured using input devices, such as a touch panel. 

[0081] Although this embodiment showed how to compute five kinds of location survey values, 
such as a selected slope distance for two points, a slope distance (distance) of a camera and a 
selected point, a selected horizontal angle for two points, a selected angle of direction of one 
point, and a selected horizontal area of three points, A location survey value computed in 
distance measuring equipment of this invention may be what kind of location survey value which 
is not necessarily limited to this and is calculated from an above-mentioned coordinate value. 
For example, horizontal distance which projected a slope distance during the point of 
measurement whose location survey value is two to the level surface, The difference of elevation 
during the two point of measurement, a latitude which is the distance in alignment with latitude 
lines, a departure which is the distance along circles of longitude, A half line lengthened from a 



foccte of a camera to the poi^^f measurement may be a horizontal etc. of an altitude 
which are the level surface and an angle to make, an angle of vertical which is angles which a 
half line lengthened from a focus of a camera to the point of measurement makes with a vertical 
axis, and a polygon of three or more points. 
[0082] 

[Effect of the Invention]According to this invention, the distance measuring equipment which 
detects location survey values made into the purpose in the usual location survey, such as a 
slope distance during a measure point and a horizontal area corresponding to a horizontal angle 
or three measure points, simple can be obtained as mentioned above. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a perspective view of the camera type distance measuring equipment which is a 
1st embodiment of this invention. 

[Drawing 2] It is a block diagram showing the circuitry of the camera shown in drawing 1 . 



[Drawing 3] It is a figure for explaining the principle of the range measurement by distance 
measurement light. 

[Drawing 4] It is a figure showing distance measurement light, catoptric light, a gate pulse, and 
the luminous energy distribution that CCD receives. 

[Drawing 5] It is a figure showing arrangement of the photo-diode and vertical transfer part which 
are provided in CCD. 

[Drawing 6] It is a sectional view cutting and showing CCD at a flat surface vertical to a 
substrate. 

[Drawing 7] It is a timing chart of distance information detecting operation which detects the data 
about the distance to a photographic subject. 

[Drawing 8] It is a flow chart of distance information detecting operation. 

[Drawing 9] It is a flow chart of the program executed at the time of reproduction mode. 

[Drawing 10] It is the figure which illustrated the menu displayed on [ of an LCD panel / the 

arrangement and there ] it provided in the back of the camera there. 

[Drawing 1 1] It is a flow chart of the subroutine of slope-distance calculation processing. 

[Drawing 12] A screen display when finding the slope distance during the two selected point of 

measurement is illustrated. 

[Drawing 13] the relation between the pixel of the coordinate system xyz, CCD28, and CCD28, 
and the point on the photographic subject corresponding to it — a table — the bottom is a 
figure. 

[Drawing 14] It is a front view of CCD28. 

[Drawing 15] It is a horizontal sectional view showing the relation of the focus and CCD28 in the 
photographing optical system of a camera. 

[Drawing 16] It is the vertical cross section showing the relation of the focus and CCD28 in the 



photographing optical systen^Ba camera. 

[Drawing 1 7] A screen displa^nen finding the slope distance by a camera and the selected point 
of measurement is illustrated. 

[Drawing 18] It is a flow chart of the subroutine of horizontal-angle calculation processing. 
[Drawing 19] It is a figure showing the relation 'between the coordinate system xyz and the 
coordinate system XYZ. 

[Drawing 20] It is a flow chart of the subroutine of horizontal area calculation processing. 
[Drawing 21] It is a rear elevation of the camera type distance measuring equipment which is a 
2nd embodiment of this invention. 
[Description of Notations] 

10 Camera body (distance measuring equipment) 
23 Touch panel 
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*#^L-Cf!iW1-5o El Hi, *5ii(Dll«I»I 

[0014] *p<7*^i owMBI-fc^T, W&yy 

x 1 1 <D*±icii7 r-i yy& 1 2 a wvom) mi 

bti, £±£11* hD/lt'i 3&®\-tbtiX\,^Z> 0 tit? 
#fti oc73±Bict5^-c, jt^uyxi i0>a±u:tt, 

5 , mik%iF'<*^ 1 6 t>mv bh, fiima**- k« 

-1T/H 7 , WJH/ff4*- KSIM 7fl8*i 
RJtbH-C^S. *^7*{*:i OOflBffi^li, IC^ 
U K«©IEfM**«r«LM-5fc*0>*- KffAP 1 



(3) ^pi#l^2 0 0 1 - 1 2 4 5 4 4 

4 

B (010*1) lCfiH1ft*tf%LCD'<*/l'3 7 (Wtf! 

*<»tte>lxr*J«), LCD/^3 7 0«SI: 
14, 2fli^yf^2 3 yf-) #i/-|> 

tt(ca*aTia^$tvTV^o SfcLCD/<^/V3 7c0± 
*|r«7 7'f^/-^l 2b (MM) jWRttfeftTV* 
5. 

[0 0 15] 0 2tt01l;iirf#*5O@B»J5fc&*i- 

BtttfeftT^S. HSU 2 5roM«|i7^ y^««iiaK2 
10 6icj;oT^S$ti?>„ J*f£uyXi lroftAPMSttfl! 

jo «t t/x- $ y mm* y vxmm& 2 1 m 4. o t ih 
[0016] mm^yxi 1 w5t«i±ici±s^^ (c 

CD) 2 8aUEKS*fCV*5. CCD2 8fctt, JH&U 

vxi iictotS?WM$^ tt?{tfkicat£ 

LfcSf!)!Mt5, CCD2 8tC*J«t5«ffifro*a» 
*ffif»Kai«I^K)«lf^tt:CCDWi!llHlK3 oct 
oT$i|»$^?)„ CCD 2 S^bKfeU&tbfctfflffi* 
■ft i t>1ommt l rr\*TV73 1 li*5^THI«$tl. A/ 
20 2|d*3^TT-fD^f^P 3 X^^/Hf^(C 

^stiSo 7*^^/uow«fs^ii»ffe«^-tea@K3 

3lc*SV^T^^-r*jE<»«)«iaSrlft*n, Ufc^M 

xHtti§iM2 7. ccDig«)ii]g§3 0, ts^m^aiHi 

SS3 3tt^^Aa>' ho-yHa»3 5ICtotW$ 

[0 0 17] HfcflHj-ttWfe* * !J 3 4*»b«5*ffl* 
n, LCDKift@»3 6K#«&*ftS. LCDlgWESS 
3 6fiWfcffi^fcj£C-C»lflsU ^*xtcJ;9Kife**L 
30 CD/^3 7l:ti, H^jf#lcmLfclI^^*^$ 

^*>ffi^S*LCD.'^yU3 7 (dtijl)'^^ U 3 4^P> 

-5„ = 3 r-T7^^v^ ; c^U-^lHlSS2 214, WfAay 
h o -/HUBS 3 5 *> (Ojf Lfc*5 o Tap $ ^ 

[0 0 18] Wriay ho-/l/@!g3 5 (d(4, ^ 
40 2 3*S^$HTJ39, LCD/^^3 7COiS 

m<D^<D{m^^y^^y^^.yxmti?>k, Mti 

t5LCD^3 7 0H^Sr^tb-fir 
[0 0 19] *^7Sr*> 7*«ci bro^tcKitfeii 
fc*=^^fi3 9 i ^--//u-eKsn-fiitf , S^^^e-y 

3 4 P> gg^|±l $ tt^H^f #«tT V flT *a V 3 3 
8, t'^^tH^ffl^2 0^^L-C^=^^*3 9[ceii 
"Iti'C-fcS. SfcWfAay hn-yHsIE§3 5 14-f V 

50 -^(HlBS4 Oli^T y?-7i-^3^^ 2 1 tcgggtS 



(4) 
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Kltb^fca^f a — ^ 4 1 i-l'y^-^i-T.'Jr-y 

fc, WfA3> ho-/Haig3 5f4, IBftJftftffilfflllel 
tt4 2Sr^LTBi«E»««4 3tc«tt*ixT^5. U 

BftEftgfll 4 3 leg* Sftfc ic^^ey*- K<#roie 

[0 0 2 0] »3t3SBi 4l4»3tSH^l 4 a ifiWu-v 10 
Xl 4bK4 9*»fiK$ix, 1 4 a oSftMftti 

«*»-?IWlPB»4 4KJ:oTI«lP**LS. »3t*-T-l 
4al4U— f^Wtf-K (LD) -C*>t>, RBitSilSU 

li^Xl CCD2 8T*1tm$H5r t 

100 2 1 ] #>7#ftl 0rt{dli^{4-fe^f-4 6, M 
£W£g-i? V-tf" 4 8 iiMIx. e>*lT*5 9 , ;*M y<DUyXtf 20 

r = 6 • t • C/2 
[0 0 2 5] 0lJx.fi»Jgg5tro^/^(O3i*,±^!)^e,S 

Stt*Ai4, Eftr asm 6 • tas* 3 o 
#<*6liif) 

[002 6] *SUt»«-ett±ifi LfclSS£*lJ/8 LT, 
C C D 2 8 (d^lt ktl,, 2ft5cWKlBByiJSilfc«ft«)7 

&£J:9. 0i>felt?*so»iiroM* 
■eroEBISr-ttt-PixftW U, «¥#S efts*** 
5 3&7gB&<Dx-*&-SLTA*JLTV>5. 
[00 2 7] 0 5 14, CCD2 8 K 12(4 £> ft 5 7* 

K5 1 tsitis^gBs aoiaasr^i-iaTfcs. 

0 614, CCD2 8&S«5 3lcSi£*¥ETMHWrLT 40 
*+»rffiH?*>5. :«C CD 2 8 tttfe&Etfn©^ 

[00 2 8] 7* h*y*-K5 1 ££B*naH»5 2tt 
nfIS5 3 0ffi(C«ioTffMSiXTl^ 0 7*h^ 

K 5 1 14 2 fcSWfcflHMKfcEyiJSft, fiMBSft 
5 2l40f^<O*(6] (H5|C*V^T±T*I*1) JC1?IJICM 
-£7* h^2f— K5 1 icBSSLTKltfcttTV^. m 
ttficggR 5 2 14, lo©7t h^-f*— K5 licit LT 50 



♦ 8MHIHIB4 7, Mf4ft«^ttl(fil!f§4 9»Ci!J^m$^ 
$. *{4^aiH]Bg4 7, Mf4^«^ailH]B§4 911-^7 

[0 0 2 2] WfAa^ hn-/H5I8S3 5 (;if4, Hi 
5, *-K«»y-f"1r/H 7, ftM/ff 

ft***'**/!' (a****) I6i^gg$ttxv^. 
[0 0 2 3] &l;:0 3:fc4t>*04£#Jf.L-C, *H!S» 

[0 0 2 4] SMM£KHB^&ttA$n^ME%M:tt 
^ftStC&^TKttU 0^LJ5c^CCDIdJ:oTS3t 
£ti3 0 ffllJS6itl4gir^<0/-?/u^*@HSr^-f 5^>Vw^)K<0 

/PXK>SZl*>±/SS 9 (4, 9JSE3tro^^u^wS:*>±^ "9 4 9 
mm 8 • t (6»4iiM^) fclti&h-So 9J£*fcR 

4*£i4gft&j£gflt b i s rora© 2 mwsgpf r * 
• • • (1) 

4oOl|teltg5 2a, 52b, 52c, 5 2 d £ 

«#*CCD2 8*»ba^i-5ii:!S«'T?#S. S 
K&i£«lScDSS:f4 g ftlctf; erg* (c£ST-# £ 0 

[0 0 2 9] S«5 3(D«ffitd»fiKSnfcp®#Fro , P 
(C7* bfj*- K5 l^»J**tt, pSI#FinSS 
« 5 3 OWJ ldPn*P $ tl 5 iS?'^ T * millc 4 o T P §!# 
F^^S5.^$tl2. 0 ^W^ffilcjs^T, AW* (tt 

-K5 llc*JV^T*a*ii5 e S^«ffiVsub SrBf** 

«^f»4, S«5 3Wc:j§ffl$;ft5„ rn(c*ft, 
-h»5 4t«W*saS«* («BEft#) ifiWMiS tilth 
7* h^-Y^— K5 1 fc¥«Lfc«ffittfiiE<Bi£ffi 
5 2(clsii$n5 0 i-*t)-fe«W»mfll^J;o-C«ffif 
«:Sfi5 3«i;jia)U^, 7*b^*-K5.lif« 

»Ufc«ttfiftf, «^l5^{f^lC4oTSiMg^5 
2 #J(cfeii $ ftS, - <o 4 o tt®ft*m 0 igf C <b ic 4 
9, fiite^5 2i;::^T{f^i-m}?f;4S}l:£$ft, 

[oo3o] ®7Ksmwmmw>mc*i\-tzfi'(5.> 

^f-^~bX'h<0, Hi, 02, 05~075r#fiSLT 

j»g uxff *o fceKajeowaoiJiw i nil* 9 , 
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[0 0 3 1] fiitliMJHf^ (ig^-fr-f) <DMJj\mML 

K«fci}7* Y?s(j— K5 KdgifflLTV^c^Sa^^ 
3«*(6]lC^ai$n. 7* h*W;j— K5 lldfc 

tt3t«Sffii:i4-t?nt;:&s ffifs2) . «fllH*aL 

tlSWRfl {ifSSWtlT-fc 9 , E]7j^]T-|4, 

[0 0 3 2] jME3tS3litt9WJl*5V^TSWL, CC 
D2 8(ClA#t-r$o i-**3*>CCD2 8tCj;oTtt9fl£ 
*»e»ORAt3tS4a«g3t$*v5**» tf»tUL**Sl 

*ffiw*»3*Lfc^ wts2) „ mffiiswut^si 

4i^*4:lc:iBHi-Sft*«lirs5 7JS»^i-6. Sit* 
S 4tfsmi$-t-5 i WfS6) 7* h*y*-K5 it? 
»4, S*t3tfi*<flt?Kf*8[f4HT-t-5^ (ffS7) , 

[0 0 3 3] ^<D&, *ffi*giSlf&S-S 9#titfj$;h,$ 

7* h^*-K5 iic*«snyt«ffif**sifftea6 

5 2tCte^$H5)o C10*fflMBSli x ttffi«a£1t*0> 

«*r*asflr*©aa#*7i-as 

h*^tf- K5 1 te**3*iTV\fcflHHWfS 1 

i^*itteasaiJ5 2HEis*^6. wMBasflr*om* 

*7«fc«KUO*3«ffifS 1 414, Z<D££y*hV 
-frt— K5 ltc^@i-5 0 

[0 0 3 4] ^.(DXo^m^tiiUt^S KDHitKOm 
7*»fe«?IWBaMt*S 9©UJ*3*«|lT1-**TOj(lll]T 
.i WW, 7* YM*- K5 lfcli, -CroBEK 

WSft^T (fiffS6) *"C7* h^-f*-K5 lfc* 

«S12 (ftiftftlS) £ LT£iMSa*«5 2Hg&£tU 
^wteroflJ-iMtffifS l 3l4ft3fero^|cgH-f5<b(7?T-;fc 

So 

[00 3 5] «ffi«s£fg4§-S 9 Offl*^fe-*«PlH]*<S 
«Lfc«, fftMWW»fflUft*S l*«ttJ***l, Safe 
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immmn r u , Lit t # , ft-9-«w»&tt«siSffi 

5 2^$5i££*l3. 

[0 0 3 6] £0>J:54flHHHIfrS 1 1 <7?fiiEte&g|5 5 

rfl (2oo*a:ii]»Ks#tc«to-cfli5*n5»iia]) 

^fclffliSrS 1 1(4, *ro»W»¥ft:^»JtLTV^ 
So **5ft^-«ffifs 1 3(4ff^-«^S 1 2(ClJtx»/hT' 

*6fc»flMMMirs i ittflr**ffis i 2tmL^t& 
[oo37] &,±.mw Lit^mm s 1 1 roiattisifm 

lo»7^ h^V;*— K5 llcM-t-StWCfeU, £T 

fttototiZ. 1 7-f-yuKoflSratc*3Jt5^W»f^o^ 
#7* h^*- K5 1 (CMSS UfcSa:«sti36» 5 2 

[0 0 3 8] ft(Cffi«tff««iHi»fP<D7P-f- + -h-C 

£$9#x5ftffl/W£*- KWIM-f yf-l 8 &f+$ij 
*- KfcKJTf 5 C t K J; t) 
[0039] 7xy7 , l 0 1 (C&^T HI -X7>f s/f 
30 1 S^JfL^tlTV^Sli^Hg^t^fy^l 

^7771 0 3#H*T£*t, CCD 2 8 iri^^S 

1 ^Sit«aj||^ 5 2 (i*JV^T«»*tt5. 
[0040] 7X5/7104 T'(4, SESfltf tttftttiM^ 
40 HM> & l 7 ^ -/u KHIBWT Lfc 1-ftfr*> 

17-f-/UKSBPfl^)^7i-5t77 L s'7'l o 5^J|*, 
Sit«g^5 2 (Cj3lNT«^$*ifceittt wt» 
/45CCD2 8*»bm^$ix5. C<7?{f-§-fl;^fl47xs/7 

i o ejcjav^Wffe^^ey 3 4(c-B#6«)(cf2ti$H5o 

[0 04 1] Xfy7l07 rtt»Jffi3feffilJ«l*J^7ttffi 

T5/7"i o 8T-I4, E«7*-*<0iK*fcaasfTfcfrii, 

7xy7°'l 0 9(Cfe^TEBi7 f -^iJ«liffep«*y 3 4IC 

50 -B#Wlc:IBlt$n5„ 
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[0042] **ry?\ 1 OT'14, CCD 2 8iCl«t?)ii 

B^*y 3 4(c-s#w^tati$tt5„ 

(004 3] ^fy^l i 2-cli, ^fi-tvf-4 6ICJ; 

1 3-C-14, ^/y<Dmmnm^m^m±y^-4 stct 

9&ttl£tlS„ HT'lt ^ * li 3 4 IC-B#* 10 

S n = k • R • I • t 

[004 6] 07 (C7F$ti5 J: ? (r«^«fl#rfl?r 
T.,, ffli)Sg*S 3cO/n/u^i|iI^Ts , Sg»f«<Dft-S§-®*- 
SM,o = 2 k • R • I • T, 
= k * N • R • I • T. 

To = 6 •' t 
= 2r/C 

r =C • SM,,/ (2 • k • N • R • I ) 
T'«-fr5 0 L^5 0 -ctfcfij^k, £W*R, 

[0 0 4 7] 0 9W:, /fy/l 1 OtwtJ^T^^n 
/tB«!SrLCD/^/U3 7(C^L, fil^^O^Se 

/ctf>, rcTMi3o<DSyi:MT-fcSs$EE&8, * 30 

¥-mmm\zb w/h-s, zzx^mmn. 2^wm 

&<nffl<Dmmxh <o , *^70«^^co 
'j»**»t> 2 ooBSA^tf Lfc 2 o<o^aHSr*¥E 
HSUe Lfc t # id 2 KWtWMtfte-tfin z. bxh'o, 

- Kli, Few** yfi8 

i t (c «fc (J gib 2? ft 5. 
[004 8] Xx-77'2 0 1 (C*3V>-C, fHBJ/SS*- 
KW#^-f 18 #S±*- KKRSStfCV^r i 40 

#»B£ftSi:» Mi^T7^2 0 2 ^ii*., 

ft, /k¥ffiffl(OS^Jl@z)50ijx.«|ii 0(Oi5lc«^$ 

ft ^7 7/2 0 3flt fttlfrtnt-a.—tfimft.Ztl 

b*Xft®fcmbti:Z>o te&mi 0i**/7 wWffiET- 
[0 0 4 9] ^i^^Vr-^O-^^yQ 0£ffl 

1 1 4\Z&\^XimM&M{Z.ffl&$h1t7 ! -9frbWfo 

T-*#R*ta*ft5. R*ffl3ftfcli«ttf-*I4, x 50 



111,11 2-c^aj$n/t*ffi7 ? -^, fs&ftgr- 

* ^IS^jiftMKlflSft * ft ' CD V ttHT 1- h „ 
[0 0 4 4] ftlC;*7 t y7 p l 0 8 KfclrvCjSff $ft6l* 

[0 0 4 5l KW$R<&K^tt#JB9j3*u 
#*M£ I <0 2&ftE*IMtt$ftTCCDfc*£fc$ftfc» 

nil, 

■ • • (2) 



(3) 



(4) 



(5) 



TyZf2 0 4|C*JV^TLCD/<^U3 7fcS£*jj*Sft 
5. ^77^2 0 5TI4, S^ftfc^g^gggtT-fc 

aa^jwwesn*. atR3ftfc*B;fl**Herii-e*>5 

tWe^ftSi^-yT^ 0 9|C*5V>T, $EB«l&3*ffl 

[0 0 5 0] *y?:/2 0 5 xm$l£1ntz&ni>mm.M 

Xitte^bWfeZHZby ^ry/2 0 6 {C^Tiift 
£ ftfcJl B Xh 3 *>&t>>tfin%. $ ft 5. **P# 

Xh% bnfe&tlZ bT-7- V? 2 0 8»CtJ^T, *¥ft 

[0 0 5 1] 1 Sr#fiSLTX7 i 5/7°2 0 9|C*3 

[0052] 0 ltlt % 1 

6 0 jtfflV\T L CD 3 7 WDIiE±^ffi§C<75-££ 

4 LTS^^iX, 
^T77 , 3 0 2--«lI^5 o ^T773 0 2TU $ 

n, #4 y*r4 ^^^KJ:«JflBeSiifcjttfc»rt?*-6 
H^^^ 2 Offiij^^t LTS^^ttS. ^7773 0 3 

-^V>T, 5S^$ttfcmiSU ! ^2roSij^|c*f1-5*^ 

$ti^o -tcom^-r >73 0 4lc*J^^-c, 
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&&1fatti>m 1 2 <D£ 5 (C L C D^<^-/U3 7|C«^$ 
.ft**, ~ixbLCDs<*/U3 7|CS^$tL5#4Sg8IW© 

LCD/^;l/3 7tC^$tv5 (12#1) „ 
[0 0 5 3] 0 3(d*5lt5*^ 7S*<t 

L/cffi^tW^tB^ffitCo^TEl 1 3~E]1 6£#f$U 

[0 0 5 4] Hi 3(4, */7<DMf&%.¥mc&rtZ>M 
-6P, %&W:l%&^-$l-otz$*?mm%x y z <tCCD 

2 8±wftsco^p asu) t, ^n^^-rs^fr 

*B±W^Q t<7>M#?r1i^W(OT;Lfcia-C*fo2.o ytt 
teftiteL p.C-gcLTio^, ztt(4CCD2 8 WSittt 
»-3fetf(C^lbtt, -t<0(R)#l4±f6]#T'fc-5„ £fcxttl,4*20 
0p = t a n"' (Hp / i) 

[00 5 7] 01614, m&P, bCCD2 8 t<Dffl% 
tCCD2 8<OiS«L, ^tf¥ffi±T*^ 
0, = t a n"' (V p /f ) 
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* CCD2 8co7K¥lft(cafep|c:tb^TV^„ ^Pc lie 
CD 2 SW^JtBtTfeWiL pO^ffct), gftffitf)'? 
to\Z-&tS. ^QI4CCD2 8±(7)^PWii^^*f^ 
•r5S¥ft±<0^-C*fc'9, -er^JS^Ii (x, , y, , z 
, ) T*fe5„ ¥ffini4£Q£-£tfCCD2 8ICW*¥ 

^<7)ffilil4 (0, y, , 0) T'*)5„ 
[0055] HI 1 4 14, CCD28 COg}tffi£IEffi;!i> lb 
l/cHT'fcS. CCD2 8C0*JP, Sil^^COft^fi^ 
4x^2 XH, , 2XV» ,&Pf4CCD2 8tf> 

■P'^Pc tf^fc-Hp , V P C0ggSi(dfo^, o 
14, jSP^feCCD 2 8COtK¥WLh -T^tfcS^W 
JET'fcSo £fc£Pv 14, ^Pi>bCCD 2 8WSii:# 

[0 0 5 6] Hi 514, fU&P, £CCD2 8 tCD$H& 
ZM&P, iCCD2 8W*T i ttL, ^-&tf¥ffi±T'* 
Lfctdt'fo^ #0,, I4*¥W#, fi4«,^?g P t-Cfc 
5 0 ^»Pr P„ AmS&Lptte-FftZ®, h-tZt, 
#0p 14, 



• • • (6) 

* Ltchnx-hV, #0o l4Sfiii#-Cfc§, iH^Pf 
» ^jt$4Lp t^-T#Sr0P i-fSi, #0p 14, 



[0 0 5 8] M&P, 

KZ.oX-&#>hfrZ>. 
c P. 14, 

Pc Pv = Vp , 



★t4, «»p, p„ tmftPc 

tM,P*fa&WtiP< P<D;ft£ ★ 

P, P= (Pr P„ * +Pc P, 2 ) " 2 

(8) S;rop, p„ , p #p r p„ 

30 f£<DX\ 

P, P= ( (f/c o s0p ) 2 +V P 2 ) 1/2 



= f/c o s8r 



• (7) 

Pv 

• (8) 



(9) 



[0059] iH^p, Q(Dg$t, H^Pf P©lJro* 

xo =H P / ^ 
y« =Vp / m 

Z« = f / V 

XWMtStlZo m&ffl&l *3«fctfCCD2 8<Dffig<DB 
*fc#&i-5;SP*T?©£«H, , V, l4gE*aT-fo?) 0 

^•CfcSo £PI4, CCD2 8 0>lo0>|I,J|l&ft*Lfc 
<*>■?*>•?, ±$£<75ftt|,4CCD2 8p±X<DWmztt 
LX"im,X'hZ> 0 Lfcii'ot, ffigaiffli C&P) Kfcf 

(x« , y, , z, ) *«*aTt6T*>5. 
73 0 4(CfcM^Tjimi3ft58E»i, XtobtHt&M 

[0 0 6 0] 4fc, jBl©MJ&/SifcUTa!«»(pOWAS* 



♦ JtP, P/Pt QSr/x k-fZk, &Q<D&mi£#x<, , 
y« , z, 14, 

• • • (10) 

• • • (11) 

• • • (12) 

JttfcTOB**- K^lS(4-CtJI4l4, *^7*>e>H«'PW 
ftt«A W^) *T?(p0lg«fc|U±|-f5^i:t-C#5. 
40 Hi 714, rOt#CO®ffig^0i|^7?:U7tt(O"C, tf-f 
^T- W 6 0 £ J; StR$ti7tli^lc^1- 

^.t-CWSgH (5. 0m) i<S*Stl-CV^5. 
[0 0 6 1] Hi 8^#fiSLT, E19(0^7 i ^7• 

2 0 8lc:*3^^-c^^T$*^2)*¥#»ai^^aS^co^^-clft^ 
1-2>o 

[0 0 6 2] ^fi/^O l~*-r 2/7*4 0 3I4, ^Sg 
8t^ttiiO ! acO?.7 1 s'7 P 3 0 l~~XTy?3 0 3 JC^rtV-f 

3 0 l~^7 l y^'3 0 3»CioV>Tff^n'5*Qiat(53-T* 
50 fc5„ ^t 1 0 4T*I4, *^7lSIiaot*ft 
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"t&. #LCD/^3 7,C1{4, 

[0 0 6 3] fcCHl 9Sr#^LT^7 i s/7°4 0 4(d*5* 

EMI. 



(8) AM2 0 0 1 - 1 2 4 5 4 4 

14 

[0 06 4] El 1 9 {ZTF^tlltSm^t x y z 14, EI 1 3 

x«U yM, zf4WS*JH^^T'<75*[6]^ 
KSr-ttV-t'tl (e M , e, 2 , e 13 ) , (en, e 22 , e 
..) , . (e„, e a2 , e.,) fc^St, S^Jl^^XY 

[fti] 



/ e ii e 12 eu\ 
Tr= e2i e22 e23 . .. 

\e 31 ex en) lid) 

fctMrHIT, Wt, IT. | = 1 <D|t£**fTM*©T, * ( 1 4) 5££ .fcoTfrfrftS. 
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